INTRODUCTION {#s1}
============

Brain tumors represent 1.9% of all new cancer cases and account for 2.3% of cancer related deaths globally \[[@R1]\]. Glioma, approximately comprising 80% of all primary malignant brain tumors, is the most prevalent type and results in disappointing survival outcomes \[[@R2]\]. Gliomas are classified as four histopathological grades according to World Health Organization (WHO), ranging from grade I to grade IV. In terms of treatment, the treatment approaches mainly include surgical resection, radiotherapy, chemotherapy and multiple therapies in combination for glioma \[[@R3]\]. Although much progresses have been achieved in glioma therapies, the prognosis of glioma is still frustrating, with most grade IV glioblastoma patients only surviving for less than 2 years \[[@R4]\]. Therefore, it is necessary to identify molecular prognostic markers to help to tailor therapeutic regimens and to predict clinical outcomes of high risk patients.

Enhancer of zeste homolog 2 (EZH2) is the core structural component of polycomb repressive complexes 2 (PRC2), which can silence tumor suppressor genes through methylating lysine 27 of histone 3 (H3K27)\[[@R5]\]. Moreover, EZH2 is pivotal to maintain the undifferentiated status of neuroblastoma by epigenetic repression of various tumor suppressor genes including CASZ1, CLU, RUNX3, and NGFR \[[@R6]\]. Previous evidence showed that EZH2 promoted cancer cells to proliferate, metastasis and invade \[[@R7]\]. Furthermore, EZH2 plays a tumorigenic role by epigenetic activation of oncogenic signaling pathways and through promotion of tumor angiogenesis \[[@R8]\]. Growing evidence showed that EZH2 is upregulated in a wide spectrum of solid tumors including non-small cell lung cancer\[[@R9]\], prostate cancer \[[@R10]\], head and neck squamous cell carcinoma \[[@R11]\], breast cancer \[[@R12]\], liver cancer \[[@R13]\], and gastric cancer \[[@R14]\]. A variety of studies also investigate the prognostic role of EZH2 in glioma patients \[[@R15]--[@R20]\], whereas the results remains inconsistent. For example, Wu *et al.* \[[@R15]\] identified EZH2 overexpression as a prognostic marker for shorter overall survival (OS) in glioma patients receiving surgical resection. However, Ailon and colleagues \[[@R16]\] failed to find any association between EZH2 and OS in glioma in their study. In order to give a clarification for this issue, we thus collected most recent data and employed a meta-analysis to pool the results from eligible studies to present a quantitative estimation.

RESULTS {#s2}
=======

Study selection and characteristics {#s2_1}
-----------------------------------

Initial literature search identified 221 items through aforementioned database and 139 records were screened by title and abstract after duplicate records were removed. Subsequently, 19 full-text articles were evaluated and 13 studies were excluded because they lacked necessary data, were animal studies or duplicate studies from the same patients. Finally, six studies \[[@R15]--[@R20]\] published from 2013 to 2016 were included for meta-analysis. The study selection process was shown in Figure [1](#F1){ref-type="fig"}. The total sample size was 575, ranging from 40 to 201, with a median value of 77.5. Two studies \[[@R15], [@R17]\] were conducted in China, one \[[@R16]\] was performed in Canada, one \[[@R18]\] was in Egypt, one \[[@R19]\] was in India and one \[[@R20]\] was in Germany, respectively. Four studies \[[@R15], [@R16], [@R18], [@R19]\] examined EZH2 expression by immunohistochemistry staining (IHC) and two \[[@R17], [@R20]\] used genetic testing. All six studies investigated the prognostic value of EZH2 for OS and three studies \[[@R16], [@R18], [@R19]\] explored the association between EZH2 and PFS. The detailed characteristics of included studies were depicted in Table [1](#T1){ref-type="table"}.
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###### Characteristics of included studies into meta-analysis

  Study     Year   Country   Patients (n)   Age(years) Mean(range)   Histological type   WHO grade   Therapy              Study duration   Survival outcomes   Method            Positive (%)   NOS score
  --------- ------ --------- -------------- ------------------------ ------------------- ----------- -------------------- ---------------- ------------------- ----------------- -------------- -----------
  Wu        2013   China     128            42(12--71)               Glioma              I-IV        Surgical resection   2000--2010       OS                  IHC               62.5           8
  Ailon     2015   Canada    201            7(0.4--15.8)             Glioma              II-III      Surgical resection   1986--2006       OS,PFS              IHC               NA             7
  Zhang     2015   China     83             43                       Glioblastoma        IV          Surgical resection   2006--2009       OS                  Genetic testing   51.8           6
  Ahmed     2016   Egypt     40             40(7--72)                Glioma              I-IV        Surgical resection   2011--2014       OS,PFS              IHC               55             7
  Purkait   2016   India     51             NA                       Glioblastoma        IV          Surgical resection   2009--2014       OS,PFS              IHC               94.3           7
  Wiese     2016   Germany   72             3--21                    Glioblastoma        IV          NA                   NA               OS                  Genetic testing   47.3           6

NA: not available; OS: overall survival; PFS: progression-free survival; IHC: immunohistochemistry staining; NOS score: the Newcastle-Ottawa Scale score.

Prognostic value of EZH2 for OS and PFS {#s2_2}
---------------------------------------

Pooled HR and 95% CI from 6 studies involving 575 patients was HR = 2.18, 95% CI: 1.25--3.8, *p* = 0.006 by random-effect model (Figure [2A](#F2){ref-type="fig"}, Table [2](#T2){ref-type="table"}), indicating that EZH2 overexpression was correlated with poor OS. Moreover, combined HR and 95% CI for PFS was HR = 2.23, 95% CI: 1.56--3.19, *p* \< 0.001, with moderate heterogeneity (Figure [2B](#F2){ref-type="fig"}, Table [2](#T2){ref-type="table"}). Stratified analysis was conducted for further analysis, the results demonstrated that EZH2 still maintain prognostic value for poor OS in Asian patients (*n* = 3, HR = 2.83, 95% CI: 1.88--4.26, *p* \< 0.001), for WHO grade I-IV (*n* = 3, HR = 3.07, 95% CI: 1.1--8.57, *p* = 0.033) and by IHC method (*n* = 4, HR = 3.19, 95% CI: 1.39--7.3, *p* = 0.006). However, EZH2 had no association with OS in non-Asian patients, WHO grade IV or by genetic testing (Table [2](#T2){ref-type="table"}).
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###### Meta-analysis of EZH2 expression and survival of glioma patients

  Factors               Studies (n)   Patients (n)   Effects model   HR (95%CI)          *p*-value   Heterogenicity   
  --------------------- ------------- -------------- --------------- ------------------- ----------- ---------------- -------
  OS                    6             575            Random          2.18 (1.25--3.8)    0.006       72.7             0.003
  Region                                                                                                              
  Asian countries       3             262            Fixed           2.83 (1.88--4.26)   \< 0.001    21.9             0.278
  Non-Asian countries   3             313            Random          1.56 (0.73--3.36)   0.253       70.9             0.032
  WHO grade                                                                                                           
  I-IV                  3             369            Random          3.07 (1.1--8.57)    0.033       80               0.007
  IV                    3             206            Random          1.73 (0.86--3.39)   0.127       66.1             0.052
  Method                                                                                                              
  IHC                   4             420            Random          3.19 (1.39--7.3)    0.006       72.9             0.011
  Genetic testing       2             155            Random          1.34 (0.73--2.46)   0.344       57.2             0.126
  PFS                   3             292            Fixed           2.23 (1.56--3.19)   \< 0.001    24               0.268

Correlation between EZH2 and clinical characteristics in glioma {#s2_3}
---------------------------------------------------------------

Three studies \[[@R15], [@R17], [@R18]\] exploited the relevance between EZH2 and gender as well as KPS score and two studies \[[@R15], [@R18]\] reported the association between EZH2 and age. The combined data showed that high EZH2 expression significantly associated with lower KPS score (*n* = 3, OR = 5.25, 95% CI: 1.35--20.44, *p* = 0.017, Table [3](#T3){ref-type="table"}, Figure [3A](#F3){ref-type="fig"}) whereas EZH2 was not shown to be related with gender (*n* = 3, OR = 1.04, 95% CI: 0.62--1.73, *p* = 0.883, Table [3](#T3){ref-type="table"}, Figure [3B](#F3){ref-type="fig"}) or age (*n* = 2, OR = 2.2, 95% CI: 0.44--10.91, *p* = 0.335, Table [3](#T3){ref-type="table"}, Figure [3C](#F3){ref-type="fig"}).

###### Association between EZH2 and clinicalpathological features in glioma patients

  Factors                           Studies (n)   Patients (n)   Effects model   OR (95%CI)          *p*-value   Heterogeneity   
  --------------------------------- ------------- -------------- --------------- ------------------- ----------- --------------- -------
  KPS score (\< 80 vs ≥ 80)         3             251            Random          5.25(1.35--20.44)   0.017       79.4            0.008
  Gender (male vs female)           3             251            Fixed           1.04(0.62--1.73)    0.883       0               0.547
  Age (≥ 55 years vs \< 55 years)   2             168            Random          2.2(0.44--10.91)    0.335       77              0.037
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Sensitivity analysis {#s2_4}
--------------------

Sensitivity analysis was conducted by omitting each study per time to check if individual study affected the final results. As shown in Figure [4](#F4){ref-type="fig"}, the overall results were not substantially altered, which confirmed the credibility of our results.
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Publication bias {#s2_5}
----------------

Potential publication bias was tested using Begg\'s funnel plot and Egger\'s test. The results were summarized in Figure [5](#F5){ref-type="fig"}. The data demonstrated that there was no significant publication bias for all analyses, indicating no evidence of significant publication bias.
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DISCUSSION {#s3}
==========

The biological role and prognostic significance of EZH2 were extensively investigated in gliomas \[[@R21]--[@R26]\]. Regarding the prognostic value, various studies presented controversial results, which may confuse clinicians for selecting EZH2 for prognostication. In the current meta-analysis, we extracted data from six eligible studies comprising 575 patients and pooled data for analysis. The combined results showed that EZH2 predicted poor OS and PFS in glioma patients. In addition, elevated EZH2 expression still had significant prognostic role for shorter OS in Asian patients, for WHO grade I-IV glioma and using IHC detection method. As for clinical relevance, EZH2 was found to be related with KPS score \< 80, while had no correlation to age or gender. Furthermore, sensitivity analysis and publication bias examination illustrated the robustness of our study. To our knowledge, the present study was the first meta-analysis to explore the prognostic value of EZH2 in glioma patients.

EZH2 is a multifaceted oncogenic protein which facilitates tumor occurrence and proliferation mainly through methylation of tumor suppressor genes \[[@R7]\]. Recent studies demonstrated that EZH2 could contribute to glioma progression by more extensive mechanisms. Pang *et al.* \[[@R27]\] showed that EZH2 could activate EAF2-HIF1α signaling pathway to confer Warburg effect, which provides cancer cells glycolysis for energy metabolism. In addition, Zhang *et al.* \[[@R28]\] showed that EZH2, coordinating with long non-coding RNA (lncRNA) Hox transcript antisense intergenic RNA (HOTAIR), could accelerate cell cycle progression in glioma. What\'s more, EZH2 could upregulate STAT3 activity by methylating STAT3, leading to glioblastoma stem-like cells (GSCs) formation, further to sustain the stemness of GSCs \[[@R29]\]. This evidence, along with the findings of our meta-analysis, may help to reveal the multiple roles of EZH2 in glioma development and to establish EZH2 as a useful biomarker for prognosis.

We have found that a variety of studies investigated the prognostic significance of EZH2 in diverse cancer types by meta-analysis \[[@R30]--[@R34]\]. Guo *et al.* \[[@R30]\] found that EZH2 had positive association with TNM stage and lymph node metastasis in gastric cancer. Wang and colleagues showed that EZH2 was predictive for poor OS in breast cancer patients \[[@R33]\]. In the current meta-analysis, we revealed that EZH2 was associated with KPS score \< 80, which indicated the suboptimal condition of patients. Our results were in line with previous studies. Notably, we found that the included studies recruited patients with different glioma entities. Because gliomas include diverse subtypes, and some subtypes occur mainly in children. Therefore, the included studies with different age groups may introduce selection bias, which call for further investigations on separate patient groups.

Despite this was the first meta-analysis regarding EZH2 in glioma, there were several limitations should be pointed out. First, the sample size in this study was relatively small, which hinders further analyses of EZH2 and clinical features because limited data was provided. Second, heterogeneity is a potential problem existed in this study. Although we adopted random-effects model when significant heterogeneity was detected, the inherent heterogeneity of included studies still existed. Third, only 6 studies were included in this meta-analysis, although Begg\'s test did not detect significant publication bias, it is due to Begg\'s test was suboptimal to detect publication when the included studies are less than 25 \[[@R35]\]. Therefore, potential publication bias may still exist in this meta-analysis. These limitations may undermine the reliability of this study; however as these limitations were mostly inherent characteristics of meta-analysis studies. From a statistical point of view, we at least provide evidence that EZH2 is a potential prognostic marker for glioma. Notably, the results should be further validated in clinical settings.

In summary, through performing a meta-analysis, we identified EZH2 overexpression as a prognostic marker for poor OS and PFS in patients with glioma, especially in Asian patients, for WHO grade I-IV and when using IHC method. EZH2 was also found to be related to KPS score \< 80. Our results provide the evidence that EZH2 might be applied as a potential biomarker for glioma. Due to several limitations, further studies are required to verify the conclusion of the present meta-analysis.

MATERIALS AND METHODS {#s4}
=====================

Literature search and selection criteria {#s4_1}
----------------------------------------

The current meta-analysis was carried out according to Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement \[[@R36]\]. Electronic databases Pubmed, Embase and Web of Science were thoroughly searched and the last search was on July, 2016. The following keywords and Medical Subject Headings (MeSH) trems were used: "glioma" (MeSH term), "gliomas", "EZH2" and "Enhancer of zeste homologue 2". Reference lists were also reviewed for additional studies.

Eligible studies need to meet the following inclusion criteria:(1) the diagnosis of glioma was pathologically confirmed; (2) EZH2 expression was evaluated in glioma tissues; (3) EZH2 expression was detected by any method; (4) the association between EZH2 and clinical features or survival outcomes in glioma patients were reported; (5) hazard ratio (HR) and 95% confidence interval (CI) were directly reported in text or sufficient data was provided for HR and 95%CI calculation by Tierney\'s method \[[@R37]\]; (6) full-text articles published in English. Studies were discarded if they met any one of the exclusion criteria:(1) conference abstracts, reviews, letters and case reports; (2)nonhuman studies; (3) published not in English; (4) if different articles were published based on the same patient group, the most comprehensive one was selected.

Data extraction and study quantity assessment {#s4_2}
---------------------------------------------

Two investigators independently extracted the following information using a standard form: first author\'s name, publication year, country, number of patients, WHO grade, EZH2 detection method, study period, study design and survival outcomes. Disagreements between the two investigators were settled by discussion. The quality of included studies was also assessed by using Newcastle-Ottawa Scale (NOS) scale \[[@R38]\]. On basis of three categories: selection, comparability and outcome, a single was evaluated with a full score of 9 and studies assigned \> 6 was considered as high quality studies.

Statistical analysis {#s4_3}
--------------------

To assess the association between EZH2 expression and survival outcomes including OS and progression-free survival (PFS), HRs and 95% CIs were utilized to combine as the effective value. Heterogeneity among studies was calculated using inconsistency index (Ι^2^) statistic and Q statistic. I^2^ \> 50% or p for heterogeneity (P~h~) \< 0.1 indicate significant heterogeneity and a random-effect model was used, otherwise, a fixed-effect model was used. Subgroup analysis was conducted for further investigation. Combined odd ratios (ORs) and 95% CIs were calculated to examine the relationship between EZH2 and clinical features. Sensitivity analysis by serial omission of each study was performed to test the influence of single study on the overall results. Publication bias was qualitatively evaluated by applying Begg\'s test and Egger\'s test. All statistical analysis was performed using Stata software version 12.0 (Stata, College Station, TX). *P* \< 0.05 was considered as statistically significant.
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